Sub-lethal doses of widespread nanoparticles promote antifungal activity in Pseudomonas protegens CHA0.
Nanoparticles are widely used as antimicrobial compounds. At sub-lethal concentrations, they may also stress microbes, potentially inducing antibiosis. Here we assess whether nanoparticles can serve as an enhancer of antibiosis in beneficial microbes. Several host-associated bacteria can suppress pathogens, providing therefore a first line of defense against diseases. In the present study, we assessed whether nanoparticles stimulate the antifungal activity of Pseudomonas protegens CHA0, a model plant-associated bacterium, against the ascomycete yeast Candida albicans. We synthesized and characterized four of the most common nanoparticles, namely Ag, SiO2, TiO2, and ZnO, with an average size of 25, 11, 25 and 35 nm, respectively. The dose-dependent effect of these nanoparticles on the growth of Pseudomonas protegens CHA0 was assessed. Ag, SiO2, TiO2, and ZnO nanoparticles inhibited the growth of Pseudomonas protegens by 100, 22, 15 and 15%, respectively at a concentration of 250 μg/mL. We then selected sub-lethal dose (500 ng/mL) and assessed whether the same nanoparticles stimulated the production of antifungal compounds inhibiting C. albicans. Incubating the bacteria in the presence of nanoparticles led to a four-fold increase in antifungal activity. We finally show that nanoparticles induce the expression of the prn operon, responsible for the production of antifungal compound pyrrolnitrin, within hours after nanoparticle exposure. This study shows that nanoparticle application may be a valuable tool to stimulate the antifungal activity of fluorescent pseudomonads, potentially assisting the development of future sustainable disease control strategies.